(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 326 295 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) mtci7: H01M 4/06, H01M 4/36, 


09. 07.2003 Bulletin 2003/28 


H01M6/16 


(21) Application number 03000015.2 




(22) Date of filing: 02.01.2003 




(84) Designated Contracting States: 


• Gan, Hong 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


East Amherst, NY 14051 (US) 


HU IE IT LI LU MC NL PT SE SI SK TR 


• Roy, Mark J. 


Designated Extension States: 


Buffalo, NY 14214 (US) 


AL LT LV MK RO 


• Clare, Susan L. 




East Amherst, NY 14051 (US) 


(30) Priority: 02.01.2002 US 345724 P 






(74) Representative: Koepe, Gerd L., Dipl.-Chem. 


(71) Applicant: Wilson Greatbatch Technologies, Inc. 


Koepe & Partner, 


Clarence, New York 14031 (US) 


Patentanwatte, 




Postfach2212 64 


(72) Inventors: 


80502 Munchen (DE) 


• Guidi, Michael L. 




West Seneca, NY14225 (US) 





CM 
< 
lO 

o> 

CM 

CO 
CM 
CO 



0. 
UJ 



(54) Dual chemistry electrode design 

(57) A new cathode design has a first cathode active 
material of a relatively iow energy density but of a rela- 
tively high rate capability contacted to the outer sides of 
first and second cathode current collectors and a sec- 
ond cathode active material having a relatively high en- 
ergy density but of a relatively low rate capability in con- 
tact with the inner sides of the current collectors. The 
second cathode active material has a greater peripheral 



extend than the current collectors and the opposed lay- 
ers of the first cathode active material between which it 
is sandwiched. This construction helps prevent delami- 
nation by promoting improved contact of the respective 
active materials to the current collectors. The present 
cathode design is useful for powering an implantable 
medical device requiring a high rate discharge applica- 
tion. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority based on pro- 
visional application Serial No. 60/345,724, filed January 
2, 2002. 

BACKGROUND OF THE INVENTION 
1. Field Of Invention 

[0002] This invention relates to the conversion of 
chemical energy to electrical energy. In particular, the 
present invention relates to an electrode design having 
a cathode active material of a relatively low energy den- 
sity but of a relatively high rate capability and a second 
active material having a relatively high energy density 
but of a relatively low rate capability. The first and sec- 
ond active materials are short circuited to each other by 
contacting the opposite sides of a current collector. A 
preferred form of the cell has the electrode as a cathode 
connected to a terminal lead insulated from the casing 
serving as the negative terminal for the anode electrode. 
Tho present electrode design is useful for powering an 
implantable medical device requiring a high rate dis- 
charge application. 

? Prior Art 

[0003] As is well known by those skilled in the art, an 
implantable cardiac defibrillator is a device that requires 
a power source for a generally medium rate, constant 
resistance load component provided by circuits per- 
forming such functions as, for example, the heart sens- 
ing and pacing functions. From time-to-time, the cardiac 
defibrillator may require a generally high rate, pulse dis- 
charge load component that occurs, for example, during 
charging of a capacitor in the defibrillator for the purpose 
of delivering an electrical shock to the heart to treat tach- 
yarrhythmias. the irregular, rapid heartbeats that can be 
fatal if left uncorrected. 

[0004] It is generally recognized that for lithium cells, 
silver vanadium oxide (SVO) and, in particular, e-phase 
silver vanadium oxide (AgV 2 0 55 ), is preferred as the 
cathode active material. This active material has a the- 
oretical volumetric capacity of 1 .37 Ah/ml. By compari- 
son, the theoretical volumetric capacity of CF X material 
(x = 1.1) is 2.42 Ah/ml, which is 1.77 times that of e- 
phase silver vanadium oxide. For powering a cardiac 
defibrillator. SVO is preferred because it can deliver high 
current pulses or high energy within a short period of 
time. Although CF X has higher volumetric capacity, it 
cannot be used in medical devices requiring a high rate 
discharge application due to its low to medium rate of 
discharge capability. 

[0005] A novel electrode construction using both a 
high rate active material, such as SVO, and a high en- 



ergy density material, such as CF X , is described in U.S. 
application Serial No. 09/560,060. This application is as- 
signed to the assignee of the present invention and in- 
corporated herein by reference. Fig. 1 is a schematic 
s view of a portion of a cathode electrode 1 0 according to 
the filed application. Electrode 10 is in an exaggerated, 
uncompressed condition and comprises spaced apart 
current collectors 12 and 14 supporting layers 16 and 
18 of a first cathode active material on their respective 
io outer major sides. The first cathode active materials 1 6, 
18 are of a relatively high rate capability, but of a low 
energy density in comparison to a second cathode ac- 
tive material 20 sandwiched between and in contact with 
the current collectors 12, 14. 
15 [0006] More particularly, the cathode active layer 16 
has upper and lower sides 16A and 16B extending to 
and meeting with spaced apart left and right ends 16C 
and 1 6D. While not shown in the drawing, the sides 1 6A, 
1 6B and ends 1 6C, 1 6D extend to and meet with a front 
20 side and a back side. Similarly, the cathode active layer 
18 has lower and upper sides 18A and 18B and ends 
1 8C and 1 8D extending to and meeting with a front side 
and a back side. For all intents and purposes, the layers 
1 6 and 1 8 are of a similar shape. 
» [0007] The intermediate cathode active layer 20 has 
upper and lower sides 20A and 20B extending to spaced 
apart left and right ends 20C and 20D. The sides 20A, 
20B and the ends 20C, 20D extend to and meet with a 
front side and a back side. 
» [0008] In an electrochemical cell (not shown), the first 
cathode active layers 16, 18 supported on the current 
collectors 12, 14, in turn, sandwiching the intermediate 
second cathode active layer 20 is compressed into a rel- 
atively thin assembly. In the compressed state, the ends 
£ 16C and 18C of the cathode layers 16, 18 extend be- 
yond the ends 20C and 20D of the second active mate- 
rial layer 20. However, in the compressed state the ends 
16C and 18 do not touch each other. While not shown, 
the front and back sides of the layers 16 and 18 also 
o extend beyond the front and back sides of the interme- 
diate layer 20, but in the compressed state they also do 
not touch each other. In the compressed state, the distal 
ends of the current collectors 12,14 generally align with 
the left edge 20C of the intermediate layer 20. 
5 [0009] With the cathode 1 0 shown in Fig. 1 , It is pos- 
sible for the cathode layers 16 and 18todelaminatefrom 
the current collectors 12and 14, especially in the vicinity 
of the ends 16C and 18C and the front and back sides. 
Essentially, potential sites of delamination exist wherev- 
3 er the layers 16,18 extend beyond the peripheral edge 
of the intermediate layer 20 and of the current collectors 
12, 14. The electrode construction of the present inven- 
tion prevents such delamination from occurring. 

> SUMMARY OF THE INVENTION 

[0010] Accordingly, the object of the present invention 
is to improve the performance of lithium electrochemical 
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cells by providing a new concept in electrode design. 
This new design is predicated on the optimization of the 
relatively high rate capability of SVO contacted to one 
side of a current collector with the relatively high energy 
density of CF X contacted to the other side of the current 
collector. This design has the separate SVO and CF K 
materials short-circuited to each other through the cur- 
rent collector. Providing the active materials in a short 
circuit relationship means that their respective attributes 
of high rate and high energy density benefit overall cell 
discharge performance. Further, the present invention 
provides a construction for the respective active mate- 
rials that promotes improved contact with the opposed 
sides of the current collector. This, inturn, prevents dela- 
mination of the active materials from the current collec- 
tor. Delamination can result in diminished discharge ef- 
ficiency. 

[001 1 ] These and other objects of the present inven- 
tion will become increasingly more apparent to those 
skilled in the art by reference to the following description 
and to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 is a schematic of a prior art cathode 1 0 of a 
high energy density cathode material 20 sand- 
wiched between two current collectors 12, 14 and 
two layers of a high rate cathode material 1 6 and 1 8. 
Fig. 2 is a schematic of an exemplary embodiment 
of a cathode 30 according to the present invention 
having a high energy density cathode material 40 
of a greater peripheral extent than current collectors 
32, 34 and layers of a high rate cathode material 36 
and 38 between which it is sandwiched. 
Fig. 3 is a schematic of one embodiment of an ex- 
emplary electrochemical cell 50 including the cath- 
ode 30 shown in Fig. 2. 

Fig. 4 is a schematic of another embodiment of an 
exemplary electrochemical cell 70 including the 
cathode 30 shown in Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] As used herein, the term "pulse" means a short 
burst of electrical current of significantly greater ampli- 
tude than that of a pre-pulse current immediately prior 
to the pulse. A pulse train consists of at least two pulses 
of electrical current delivered in relatively short succes- 
sion with or without open circuit rest between the pulses. 
An exemplary pulse train may consist of four 1 0-second 
pulses (232 mA/cm 2 ) with a 15 second rest between 
each pulse. A typically used range of current densities 
for cells powering implantable medical devices is from 
about 15 mA/cm 2 to about 50 mA/cm 2 , and more pref- 
erably from about 1 8 mA/cm 2 to about 35 mA/cm 2 . Typ- 



ically, a 1 0 second pulse is suitable for medical implant- 
able applications. However, it could be significantly 
shorter or longer depending on the specific cell design 
and chemistry. 

5 [0014] An electrochemical cell that possesses suffi- 
cient energy density and discharge capacity required to 
meet the vigorous requirements of implantable medical 
devices comprises an anode of a metal selected from 
Groups IA, MA and IHB of the Periodic Table of the Ele- 

10 ments. Such anode active materials include lithium, so- 
dium, potassium, etc., and their alloys and intenmetallic 
compounds including, for example, Li-Si, Li-AI, Li-B and 
Li-Si-B alloys and intermetallic compounds. The pre- 
ferred anode comprises lithium. An alternate anode 

J5 comprises a lithium alloy such as a lithium-aluminum al- 
loy. The greater the amounts of aluminum present by 
weight in the alloy, however, the lower the energy den- 
sity of the cell. 

[0015] The form of the anode may vary, but preferably 
20 the anode is a thin metal sheet or foil of the anode metal, 
pressed or rolled on a metallic anode current collector, 
i.e., preferably comprising titanium, titanium alloy or 
nickel, to form an anode component. Copper, tungsten 
and tantalum are also suitable materials for the anode 
25 current collector. In the exemplary cell of the present in- 
vention, the anode component has an extended tab or 
lead of the same material as the anode current collector, 
i.e., preferably nickel or titanium, integrally formed 
therewith such as by welding and contacted by a weld 
30 to a cell case of conductive metal in a case-negative 
electrical configuration. Alternatively, the anode may be 
formed in some other geometry, such as a bobbin 
shape, cylinder or pelletto allow an alternate low surface 
cell design. 

35 [0016] The electrochemical cell of the present inven- 
tion further comprises a cathode of electrically conduc- 
tive material that serves as the other electrode of the 
cell. The cathode is preferably of solid materials and the 
electrochemical reaction at the cathode involves con- 

^0 version of ions that migrate from the anode to the cath- 
ode into atomic or molecular forms. The solid cathode 
may comprise a first active material of a metal element, 
a metal oxide, a mixed metal oxide and a metal sulfide, 
and combinations thereof and a second active material 

45 of a carbonaceous chemistry. The metal oxide, the 
mixed metal oxide and the metal sulfide of the first active 
material has a relatively lower energy density but a rel- 
atively higher rate capability than the second active ma- 
terial. 

so [001 7] The first active material is formed by the chem- 
ical addition, reaction, or otherwise intimate contact of 
various metal oxides, metal sulfides and/or metal ele- 
ments, preferably during thermal treatment, sol-gel for- 
mation, chemical vapor deposition or hydrothermal syn- 

55 thesis in mixed states. The active materials thereby pro- 
duced contain metals, oxides and sulfides of Groups, 
IB, IIB, IIIB, IVB, VB, VIB, VIIB and VIII, which includes 
the noble metals and/or other oxide and sulfide com- 
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pounds. A preferred cathode active material is a reac- 
tion product of at least silver and vanadium. 
[0018] One preferred mixed metal oxide is a transition 
metal oxide having the general formula SM x V 2 O y where 
SM is a metal selected from Groups IB to VIIB and VIII 
of the Periodic Table of Elements, wherein x is about 
0.30 to 2.0 and y Is about 4.5 to 6.0 in the general for- 
mula. By way of illustration, and in no way intended to 
be limiting, one exemplary cathode active material com- 
prises silver vanadium oxide having the general formula 
Ag x V 2 O y in any one of its many phases, i.e., p-phase 
silver vanadium oxide having in the general formula x = 
0.35 and y = 5.8, y-phase silver vanadium oxide having 
in the general formula x = 0.74 and y = 5.37 and e-phase 
silver vanadium oxide having in the general formula x = 
1 .0 and y = 5.5, and combination and mixtures of phases 
thereof. For a more detailed description of such cathode 
active materials reference U.S. Patent No. 4,31 0,609 to 
Liang et al., which is assigned to the assignee of the 
present invention and incorporated herein by reference. 
[0019] Another preferred composite transition metal 
oxide cathode material includes V 2 0 2 wherein z £ 5 
combined with Ag 2 0 with silver in either the silver(ll), 
silver(l) or silver(0) oxidation state and CuO with copper 
in eitherthe copper(ll), copper(l) or copper(O) oxidation 
state to provide the mixed metal oxide having the gen- 
eral formula Cu x AgyV 2 0 2 , (CSVO). Thus, the composite 
cathode active material may be described as a metal 
oxide-metal oxide-metal oxide, a metal-metal oxide- 
metal oxide, or a metal-metal-metal oxide and the range 
of material compositions found for Cu x Ag y V 2 O z is pref- 
erably about 0.01 £ z < 6.5. Typical forms of CSVO are 
Cu o.i6Ag 0 .67V 2 0 2 with z being about 5.5 and 
Cu o.5 A 9o.5V 2 0 2 with z being about 5.75. The oxygen 
content is designated by z since the exact stoichiometric 
proportion of oxygen in CSVO can vary depending on 
whether the cathode material is prepared in an oxidizing 
atmosphere such as air or oxygen, or in an inert atmos- 
phere such as argon, nitrogen and helium. For a more 
detailed description of this cathode active material ref- 
erence is made to U.S. Patent Nos. 5,472,810 to 
Takeuchi et al. and 5,516,340 to Takeuchi et al., both of 
which are assigned to the assignee of the present in- 
vention and incorporated herein by reference. 
[0020] The cathode design of the present invention 
further includes a second active material of a relatively 
high energy density and a relatively low rate capability 
in comparison to the first cathode active material. The 
second active material is preferably a carbonaceous 
compound prepared from carbon and fluorine, which in- 
cludes graphitic and nongraphitic forms of carbon, such 
as coke, charcoal or activated carbon. Fluorinated car- 
bon is represented by the formula (CF x ) n wherein x var- 
ies between about 0.1 to 1.9 and preferably between 
about 0.2 and 1.2, and (C 2 F) n wherein the n refers to 
the number of monomer units which can vary widely. 
The true density of CF X is 2.70 g/ml and its theoretical 
capacity is 2.42 Ah/ml. 



[0021] In a broader sense, it is contemplated by the 
scope of the present invention that the first cathode ac- 
tive material is any material that has a relatively lower 
energy density but a relatively higher rate capability than 
5 the second active material. In addition to silver vanadi- 
um oxide and copper silver vanadium oxide, V 2 O s 
Mn0 2 , LiCo0 2 , LiNi0 2 , LiMn 2 0 4( TiS 2 , Cu 2 S, Fes! 
FeS 2 , copper oxide, copper vanadium oxide, and mix- 
tures thereof are useful as the first active material. And 
10 in addition to fluorinated carbon, Ag 2 0, Ag^Oj,, Cuf| 
Ag 2 Cr0 4 , Mn0 2 , and even SVO itself, are useful as the 
second active material. The theoretical volumetric ca- 
pacity (Ah/ml) of CF X is 2.42, Ag 2 0 2 is 3.24, Ag 2 0 is 
1 .65 and AgV 2 0 5 . 5 is 1 .37. Thus, CF X , Ag 2 0 2 , Ag 2 0, all 
™ have higher theoretical volumetric capacities than that 
of SVO. 

[0022] Before fabrication into an electrode structure 
for incorporation into an electrochemical cell according 
to the present invention, the first cathode active material 
*o prepared as described above is preferably mixed with a 
binder material such as a powdered fluoro-polymer, 
more preferably powdered polytetrafluoroethylene or 
powdered potyvinylidene flouride present at about 1 to 
about 5 weight percent of the cathode mixture. Further, 
25 up to about 1 0 weight percent of a conductive diluent is 
preferably added to the first cathode mixture to improve 
conductivity. Suitable materials for this purpose include 
acetylene black, carbon black and/or graphite or a me- 
tallic powder such as powdered nickel, aluminum, tita- 
30 mum and stainless steel. The preferred first cathode ac- 
tive mixture thus includes a powdered fluoro-polymer 
binder present at about 3 weight percent, a conductive 
diluent present at about 3 weight percent and about 94 
weight percent of the cathode active material. 
35 [0023] The second cathode active mixture includes a 
powdered fluoro-polymer binder present at about 4 
weight percent, a conductive diluent present at about 5 
weight percent and about 91 weight percent of the cath- 
ode active material. A preferred second active mixture 
*o is, by weight, 91 % CF X , 4% PTFE and 5% carbon black. 
[0024] Cathode components for incorporation into an 
electrochemical cell according to the present invention 
may be prepared by rolling, spreading or pressing the 
first and second cathode active materials onto a suitable 
45 current collector selected from the group consisting of 
stainless steel, titanium, tantalum, platinum and gold. 
The preferred current collector material is titanium, and 
most preferably the titanium cathode current collector 
has a thin layer of graphite/carbon paint applied thereto 
so Cathodes prepared as described above may be in the 
form of one or more plates operatively associated with 
at least one or more plates of anode material, or in the 
form of a strip wound with a corresponding strip of anode 
material in a structure similar to a "jellyroll". 
55 [0025] Rg. 2 is a schematic view of the present inven- 
tion cathode electrode 30 in an exaggerated, uncom- 
pressed condition. Electrode 30 comprises opposed as- 
semblies 30A and 30B extending outwardly from the op- 
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posite sides of current collectors 32 and 34. This leaves 
an intermediate portion of the current collectors 32 and 
34 that are not contacted by either the first or the second 
cathode active materials. The cathode assemblies 30A 
and 30B are essentially identical and will be described 
with respect to one of them. 

[0026] Cathode assembly 30A in an exaggerated, un- 
compressed condition comprises spaced apart current 
collectors 32 and 34 supporting layers 36 and 38 of a 
first cathode active material on their respective outer 
major sides. As with the prior art electrode 10, the first 
cathode active materials 36, 38 are of a relatively high 
rate capability, but of a low energy density in comparison 
to a second cathode active material 40 sandwiched be- 
tween and in contact with the current collectors 32, 34. 
[0027] More particularly, the cathode active layer 36 
has upper and lower sides 36A and 36B extending to 
and meeting with spaced apart left and right ends 36C 
and 36D. While not shown in Fig. 2, the sides 36A, 36B 
and ends 36C, 36D extend to a front side and a back 
side. Similarly, the cathode active layer 38 has lower and 
upper sides 38A and 38B and ends 38C and 38D ex- 
tending to a front side and a back side. For all intents 
and purposes, the layers 36 and 38 are of a similar 
shape. 

[0028] The intermediate cathode active layer 40 has 
upper and lower sides 40 A and 40B extending to spaced 
apart left and right ends 40C and 40D. The sides 40A, 
40B and the ends 40C, 40D extend to a front side and 
a back side. The end 40C of the intermediate, second 
active material cathode layer 40 extends beyond the 
ends 36C and 38C of the first active material cathode 
layers 36, 38. Similarly, the end 40D of layer 40 extends 
beyond the ends 36D and 38D of the cathode layers 36, 
38. While not shown, the front and back sides of the in- 
termediate layer extend beyond the front and back sides 
of the layers 36 and 38. 

[0029] As shown in Fig. 3, the cathode assemblies 
30A and 30B are folded toward each other and toward 
the opposed sides of an anode electrode to provide an 
electrochemical cell. However, before the assemblies 
30 A and 30B are folded, they are compressed. This 
causes the periphery of the first cathode active materials 
36, 38 to expand substantially to the size of the periph- 
ery of the second cathode material 40. There is also 
some expansion of the second active materia! during 
compression of the assemblies, just not as much as that 
of the first active material. 

[0030] Also, while not shown in the drawing, the active 
materials 36, 38 and 40 touch at their peripheries be- 
yond the current collector 32 and 34 with the peripheries 
being substantially aligned. The assemblies are com- 
pressed in a fixture with the fixture wall governing the 
amount of expansion of the first active materials. In the 
compressed state, the thickness of each cathode as- 
sembly is from about 0.020 inches to about 0.035 inch- 
es, the current collectors 32, 34 each being about 0.002 
inches thick with a carbon coating of about 0.0004 inch- 



es thick per current collector side. 
[0031] In the present invention cathode 30, the provi- 
sion of the peripheral edge of the intermediate layer 40 
extending beyond the peripheral edges of the layers 36 

5 and 38 in the uncompressed state prevents delamina- 
tion of the first cathode active material from the current 
collectors 32 and 34 after the assembly is pressed to its 
final thickness. In other words, providing the peripheral 
edge of the intermediate cathode layer 40 extending be- 

10 yond the peripheral edges of the current collectors 32 
and 34 and of the first active layers 36 and 38 ensures 
that delamination of the compressed cathode does not 
occur when the assemblies 30A and 30B are folded to- 
ward each other and electrically associated with the an- 

15 ode electrode. 

[0032] The anode electrode comprises a number of 
anode structures; each comprising a current collector 
having an alkali metal contacted thereto, lithium being 
preferred. In this embodiment, there are three anode 

20 structures 52A, 52B and 52C disposed adjacent to at 
least one of the cathode assemblies 30A and 30B. 
[0033] More particularly, the cell 50 is built with the 
first anode structure 52A having lithium 54 only contact- 
ed to the one major side of the anode current collector 

25 56 adjacent to the cathode assembly 30B. The opposite 
major side 58 of the anode current collector 56 is bare 
and in direct contact with the casing serving as the an- 
ode electrode terminal in the case-negative cell design. 
The second anode structure 52B is intermediate the 

30 cathode assemblies 30A, 30B and comprises layers 60 
and 62 of lithium contacted to the opposed major sides 
of current collector 64. The third anode structure 52C 
comprises lithium 66 only contacted to the one major 
side of the anode current collector 68 adjacent to the 

35 cathode assembly 30A. The anode layers 54, 60, 62 and 
66 are of substantially the same size and thickness. 
[0034] The cathode current collectors 32 and 34 are 
connected to a common terminal insulated from the cas- 
ing by a suitable glass-to-metal seal. This describes a 

40 case-negative cell design, which is the preferred form 
of the cell 50. The cell 50 can also be built in a case- 
positive design with the cathode current collectors con- 
tacted to the casing and the anode current collectors 56, 
64 and 68 connected to a common terminal lead insu- 

45 lated from the casing. 

[0035] In a further embodiment, the cell Is built in a 
case-neutral configuration with both the anode and the 
cathode being connected to respective terminal leads 
insulated from the casing. In this embodiment, there is 

so a layer of separator between the anode current collec- 
tors 56 and 68 and the casing side wall as well as be- 
tween each of the electrodes. The separator will be de- 
scribed in detail hereinafter. 

[0036] Fig. 4 is a schematic view of another electro- 
55 chemical cell 70 according to the present invention. As 
with the cell 50 described in Fig. 3, this cell 70 is shown 
exaggerated somewhat with the first active materials 36 
and 38 shown not touching the second active material 
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40. However, in a compressed state, the active materi- 
als 36, 38 and 40 touch at the ends beyond the current 
collectors 32, 34 with the ends being substantially 
aligned. Cell 70 is housed in a conductive casing (not 
shown) in either a case-negative, a case-positive or a 
case-neutral design. 

[0037] The anode electrode comprises an anode cur- 
rent collector 72 having an alkali metal contacted there- 
to. The preferred alkali metal is lithium, and it is provided 
in a serpentine shape weaving or winding between two 
pairs of the cathode assemblies 30A and 30B. The cath- 
ode assemblies similar in thickness to those described 
with respect to cell 50. 

[0038] The cell 70 is built with the anode portion 74 
having lithium 76 only contacted to the one major side 
78 of the anode current collector 72 adjacent to the cath- 
ode assembly 30B. The opposite major side 80 of the 
anode current collector 72 is bare and in direct contact 
with the casing serving as the anode electrode terminal 
in the case-negative cell design. At the bend between 
the first pair of cathode assemblies 30B and 30A, the 
serpentine anode electrode doubles back to provide an- 
ode portion 82 having the lithium 76 contacting the cur- 
rent collector side 78 and a layer of lithium 84 contacted 
to the other major side 80 of the current collector. The 
anode portion 82 continues weaving between the cath- 
ode assemblies 30A, 30B, and 30A. At the bend be- 
tween the second pair of cathode assembly 30B and 
30A, the lithium layer 76 ends. Then, the anode elec- 
trode is completed by anode portion 86 comprising lith- 30 
ium layer 84 only contacted to the major side 80 of the 
anode current collector 72. Here, the opposite major 
side 78 of the anode current collector is bare and in di- 
rect contact with the casing serving as the anode elec- 
trode terminal. Anode layers 76 and 84 are of substan- 35 
tially the same size and thickness. 
[0039] In order to prevent internal short circuit condi- 
tions, the sandwich cathode is separated from the 
Group IA, IIA or NIB anode by a suitable separator ma- 
terial. The separator is of electrically insulative material, 40 
and the separator material also is chemicaJly unreactive 
with the anode and cathode active materials and both 
chemically unreactive with and insoluble in the electro- 
lyte. In addition, the separator material has a degree of 
porosity sufficient to allow flow there through of the elec- 45 
trolyte during the electrochemical reaction of the cell. 
Illustrative separator materials include fabrics woven 
from fluoropolymeric fibers including polyvinyl idine flu- 
oride, polyethylenetetrafluoroethylene : and poryethyl- 
enechlorotrif Juoroethylene used either alone or laminat- so 
ed with a fluoropolymeric microporous film, non-woven 
glass, polypropylene, polyethylene, glass fiber materi- 
als, ceramics, polytetrafluoroethylene membrane com- 
mercially available under the designation ZITEX 
(Chemplast Inc.), polypropylene/polyethylene mem- 55 
brane commercially available under the designation 
CELGARD (Celanese Plastic Company, Inc.), a mem- 
brane commercially available under the designation 



DEXIGLAS (C.H. Dexter, Div., Dexter Corp.), and a pol- 
yethylene membrane commercially available from To- 
nen Chemical Corp. 

[0040] The electrochemical cell of the present inven- 
5 tion further includes a nonaqueous, ionically conductive 
electrolyte that serves as a medium for migration of ions 
between the anode and the cathode electrodes during 
the electrochemical reactions of the cell. The electro- 
chemical reaction at the electrodes involves conversion 
'0 of ions in atomic or molecular forms that migrate from 
the anode to the cathode. Thus, nonaqueous electro- 
lytes suitable for the present invention are substantially 
inert to the anode and cathode materials, and they ex- 
hibit those physical properties necessary for ionic trans- 
15 port, namely, low viscosity, low surface tension and wet- 
tability. 

[0041] A suitable electrolyte has an inorganic, ionical- 
ly conductive salt dissolved in a mixture of aprotic or- 
ganic solvents comprising a low viscosity solvent and a 
high permittivity solvent. In the case of an anode com- 
prising lithium, preferred lithium salts that are useful as 
a vehicle for transport of alkali metal ions from the anode 
to the cathode include LiPF 6 , LiBF 4> LiAsF 6 , LiSbF 6 
LiCI0 4( Li0 2 , LiAICI 4 , LiGaCI 4 , LiC(S0 2 CF 3 ) 3 , LiN 
(S0 2 CF 3 ) 2 , LiSCN, UO3SCF3, LiC 6 F 5 S0 3 , U0 2 CCF 3 , 
LiS0 6 F, LiB(C 6 H 5 ) 4 and LiCF 3 S0 3 , and mixtures there- 
of. 

[0042] Low viscosity solvents useful with the present 
invention include esters, linear and cyclic ethers and di- 
alkyi carbonates such as tetrahydrofuran (THF), methyl 
acetate (MA), diglyme, trigylme, tetragylme, dimethyl 
carbonate (DMC), 1,2-dimethoxyethane (DME), 1 ,2-di- 
ethoxyethane (DEE), 1 -ethoxy,2-methox^ethane 
(EME), ethyl methyl carbonate, methyl propyl carbon- 
ate, ethyl propyl carbonate, diethyl carbonate, dipropyl 
carbonate, and mixtures thereof, and high permittivity 
solvents include cyclic carbonates, cyclic esters and cy- 
clic amides such as propylene carbonate (PC), ethylene 
carbonate (EC), butylene carbonate, acetonitrile, dime- 
thyl sulfoxide, dimethyl formamide, dimethyl acetamide, 
rvalerolactone, rbutyrolactone(GBL), N-methyl-pyrro- 
lidinone (NMP), and mixtures thereof. In the present in- 
vention, the preferred anode is lithium metal and the pre- 
ferred electrolyte is 0.8M to 1 .5M LiAsF 6 or LiPF 6 dis- 
solved in a 50:50 mixture, by volume, of propylene car- 
bonate and 1 ,2-dimethoxyethane. 
[0043] According to the present invention, SVO cath- 
ode material, which provides a relatively high power or 
rate capability but a relatively low energy density or vol- 
umetric capability and CF X cathode material, which has 
a relatively high energy density but a relatively low rate 
capability, are individually pressed on current collector 
screens. 

[0044] Since CF X material has significantly higher vol- 
umetric capacity than that of SVO material, i.e., approx- 
imately 1 .77 times greater, in order to optimize the final 
cell capacity, the amount of CF X material should be max- 
imized and the amount of SVO material used in each 
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electrode should be minimized to the point that it is still 
practical in engineering and acceptable in electrochem- 
ical performance. 

[0045] Further, end of service life indication is the 
same as that of a standard Li/SVO cell. And, it has been 
determined that the SVO electrode material and the CF X 
electrode material according to the present invention 
reach end of life at the same time. This is the case in 
spite of the varied usage in actual defibrillator applica- 
tions. Since both electrode materials reach end of serv- 
ice life at the same time, no energy capacity is wasted. 
[0046] The corrosion resistant glass used in the glass- 
to-metal seals has up to about 50% by weight silicon 
such as CABAL 1 2, TA 23, FUSITE 425 or FUSITE 435. 
The positive terminal leads preferably comprise molyb- 
denum, although titanium, aluminum, nickel alloy, or 
stainless steel can also be used. The cell casing is an 
open container hermetically sealed with a lid typically of 
a material similar to that of the casing. 
[0047] It is appreciated that various modifications to 
the inventive concepts described herein may be appar- 
ent to those of ordinary skill in the art without departing 
from the spirit and scope of the present invention as de- 
fined by the appended claims. 



Claims 

1. An electrochemical cell, which comprises: 

a) an anode of an alkali metal; 

b) a cathode of a first cathode active material 
having a relatively low energy density but a rel- 
atively high rate capability contacted to outer 
major sides of a first and a second cathode cur- 
rent collectors and a second cathode active 
material having a relatively high energy density 
but a relatively low rate capability contacted to 
inner major sides of the first and second cath- 
ode current collectors; and 

c) a nonaqueous electrolyte activating the an- 
ode and the cathode. 

2. The electrochemical cell of claim 1 wherein the first 
cathode active material contacted to the first current 
collector has a first periphery, the first cathode ac- 
tive material contacted to the second current collec- 
tor has a second periphery and the second cathode 
active material contacted to the first and second 
cathode current collectors has a third periphery 
greater than each of the first and second peripher- 
ies, preferably wherein the first and second periph- 
eries are the same, or one is greater than the other. 

3. The electrochemical cell of claim 1 or claim 2 where- 
in the first cathode active material is selected from 
the group consisting of SVO, CSVO, V 2 0 5 Mn0 2 , 
LiCo0 2 , UNi0 2 , LiMn0 2 , Cu0 2 , TiS 2 , Cu^S, FeS, 



FeS 2 , copper vanadium oxide, and mixtures there- 
of, and/or wherein the second cathode active ma- 
terial is selected from the group consisting of CF X 
Ag 2 0, Ag20 2 , CuF, AggCrO^, Mn0 2 , SVO, and mix- 

5 tures thereof, and/or wherein the first and second 
cathode current collectors are selected from the 
group consisting of stainless steel, titanium, tanta- 
lum, platinum and gold, preferably wherein the first 
and second cathode current collectors are titanium 

10 having a graphite/carbon material coated thereon. 

4. The electrochemical cell of any of claims 1 to 3 
wherein the anode is lithium, the first cathode active 
material is SVO, the second cathode active material 

15 is CF X and the first and second cathode current col- 
lectors are titanium. 

5. The electrochemical cell of any of claims 1 to 4 
wherein the alkali metal or the lithium is in the form 

20 of at least one plate contacted to an anode current 
collector, and/or wherein the alkali metal or the lith- 
ium has a serpentine shape weaving between at 
least two cathode assemblies. 

25 6. The electrochemical cell of any of claims 1 to 5 
wherein the first and the second cathode active ma- 
terials are connected to a common terminal insulat- 
ed from a casing for the cell. 

30 7. The electrochemical cell of any of claims 1 to 6 
wherein the electrolyte has a first solvent selected 
from an ester, a linear ether, a cyclic ether, a dialkyl 
carbonate, and mixtures thereof, and a second sol- 
vent selected from a cycle carbonate, a cyclic ester, 

35 a cyclic amide, and mixtures thereof, preferably 
wherein the first solvent is selected from the group 
consisting of tetrahydrof uran (THF), methyl acetate 
(MA), diglyme, triglyme, tetraglyme, dimethyl car- 
bonate (DMC), 1,2-dimethoxyeth ane (DM E), 1 ,2-di- 

^0 ethoxyethane (DEE), 1 -ethoxy,2-methoxyethane 
(EME), ethyl methyl carbonate, methyl propyl car- 
bonate, ethyl propyl carbonate, diethyl carbonate, 
dipropyl carbonate, and mixtures thereof, and the 
second solvent is selected from the group consist- 

45 ing of propylene carbonate (PC), ethylene carbon- 
ate (EC), butylene carbonate, acetonitrile, dimethyl 
sulfoxide, dimethyl formamide, dimethyl acetamide, 
y-valerolactone, "rbutyrolactone (GBL), N-methyl- 
pyrrolidinone (NMP), and mixtures thereof and/or 

50 wherein the electrolyte includes a lithium salt select- 
ed from the group consisting of LiPF 6 , LiBF 4 , 
LiAsF 6 , LiSbF 6 , LiCI0 4 , Li0 2 , UAICI 4 , UGaCI* LiC 
(S0 2 CF 3 ) 3 , LiN(S0 2 CF 3 ) 2 , LiSCN, Li0 3 SCF 3> 
LiC 6 F 5 S0 3 , Li0 2 CCF 3 , LiSO s F, LB(C 6 H 5 ) 4 , 

55 LiCF 3 S0 3 , and mixtures thereof. 

8. An electrochemical cell, which comprises: 
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a) an anode comprising lithium; 

b) a cathode of silver vanadium oxide contacted 
to outer major sides of a first and second cath- 
ode current collectors and fluorinated carbon 
contacted to inner major sides of the first and s 
second cathode current collectors; and 

c) a nonaqueous electrolyte activating the an- 
ode and the cathode. 

9. The electrochemical cell of claim 8 wherein the first 10 
silver vanadium oxide contacted to the first current 
collector has a first periphery, the silver vanadium 
oxide contacted to the second current has a second 
periphery and the fluorinated carbon contacted to 
the first and second cathode current collectors has is 
a third periphery greater than each of the first and 
second peripheries, and/or wherein the lithium is In 
the form of at least one plate contacted to an anode 
current collector, and/or wherein the lithium has a 
serpentine shape weaving between at least two 20 
cathode assemblies, and/or wherein the current 
collectors are selected from the group consisting of 
stainless steel, titanium, tantalum, platinum, gold 
and nickel. 

25 

10. A method powering an implantable medical device, 
comprising the steps of: 

a) providing the medical device; 

b) providing an electrochemical cell comprising 30 
the steps of 



12. 



ies, preferably including providing the first and sec- 
ond peripheries being the same, or one being great- 
er than the other. 

The method of claim 1 0 or claim 11 including con- 
necting the first and second cathode current collec- 
tors to a common terminal. 



13. The method of any of claims 1 0 to 1 2 including pro- 
viding the alkali metal in the form of at least one 
plate contacted to an anode current collector and/ 
or including providing the alkali metal having a ser- 
pentine shape weaving between at least two as- 
semblies. 

14. The method of any of claims 10 to 13 including se- 
lecting the first cathode active material from the 
group consisting of SVO, CSVO, V 2 O s Mn0 2 
LiCo0 2 , LiNi0 2 , LiMn0 2 , Cu0 2 , US* Cuj>S, Fes' 
FeS 2 , copper vanadium oxide and mixtures thereof' 
and/or including selecting the second cathode ac- 
tive material from the group consisting of CF 
Ag 2 0, Ag20 2 , CuF, Ag 2 Cr0 4 , Mn0 2 , SVO, and na- 
tures thereof. 

15. The method of any of claims 10 to 14 wherein the 
anode is lithium, the first cathode active material is 
SVO, and the second cathode active material is 

CF-. 



i) providing an anode of an alkali metal; 

ii) providing a cathode of a first cathode ac- 
tive material having a relatively low energy 35 
density but a relatively high rate capability 
contacted to outer major sides of a first and 

a second cathode current collectors and a 
second cathode active material having a 
relatively high energy density but a rela- 40 
tively low rate capability contacted to inner 
major sides of the first and second cathode 
current collectors; and 

iii) activating the anode and cathode with a 
nonaqueous electrolyte activating the an- 45 
ode and the cathode; 



c) electrically connecting the electrochemical 
cell to the medical device. 

so 

1 1 . The method of daim 1 0 including providing the first 
cathode active material contacted to the first current 
collector having a first periphery, the first cathode 
active material contacted to the second current hav- 
ing a second periphery and the second cathode ac- 55 
tive material contacted to the first and second cath- 
ode current collectors having a third periphery 
greater than each of the first and second peripher- 
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